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Abstract. Large quantities of both liquid and solid wastes are produced annually by the food processing 
industry. These waste materials contain principally biodegradable organic matter and their disposal creates 
serious environmental problems. The waste loads at the processing plant can be significantly reduced through the 
use of new or modified processing methods or through in-plant treatment and reuse and a variety of processes 
are being developed towards this direction, aiming at converting the waste materials into bio-fuels, food 
ingredients and other added-value bio-products. The scope of the present study was an examination on the 
possibilities of using non-toxic, cheap and readily available means of recovering phenolics from red pomace and 
onion peels. On such a basis, the solvent systems tested were composed of ethanol, a bio-solvent that can be 
obtained after fermentation of the sugar-containing raw materials and distillation. In the case of red grape 
pomace, simple media composed of 60% ethanol were shown to be ideal for recovery of extracts with increased 
polyphenol concentration and antiradical activity. Higher ethanol content (90%), however, was more effective 
for pigment extraction. For onion peels, extracts with high flavonol recovery and a reducing power were 
obtained with a similar medium (60% ethanol/ 0.1% HCl), while optimisation of the extraction conditions with 
regard to temperature and time, afforded higher yield and more active extracts.  
 
INTRODUCTION 
 
Efficient, inexpensive and environmentally rational utilisation of agri-food industry 
wastes is of undisputed importance for higher profitability and minimal environmental 
impact. One of the higher value options is the recovery of bioactive plant food constituents, 
which could be used in pharmaceutical, cosmetics and food industry. The most prominent 
class of such phytochemicals are polyphenols, which occur in large amounts in various agri-
food solid wastes [1]. In this regard, the last years several studies have been carried out, with 
the aim to establish optimised conditions for polyphenol extraction [2,3].  
The scope of the present study was an examination on the possibilities of using non-
toxic, cheap, and readily available means of recovering phenolics from red pomace and onion 
solid by-products. On such a basis, the solvent systems tested were composed of ethanol, a 
bio-solvent that can be obtained after fermentation of the sugar-containing substrates and 
distillation. Additionally, tartaric acid and citric acids can be obtained from vinification and 
                                                 
 
other fruit processing wastes, while acetic acid can be produced through acetification of 
ethanol solutions. For all these products, there is also the possibility for recycling. 
Hydrochloric acid is a cheap, industrial, non-oxidative product.  
 
MATERIALS AND METHODS 
 
Agri-food by-products: Red grape pomace was obtained from a winery in the region of 
Nemea (prefecture of Korinthos, Peloponnese). Onion solid wastes consisted of the outer dry 
layers and apical trimmings (Fig. 1).  
Pomace extraction: The solvent systems used along with the flow diagram describing 
the optimisation of the extraction can be seen in Fig. 2.    
Onion solid waste extraction: The solvent systems used were composed of aqueous 
EtOH and either 0.1% HCl or 1% citric or acetic acid. Optimisation based on time-
temperature combinations was performed by carrying out extracts at 22, 40 and 60 °C for 0.5, 
1, 6, and 24 hours. 
 
Figure 1: Onion solid wastes used. 
 
 
Extraction procedure: A previously described procedure was used [6].  
Total polyphenols and antiradical activity (AAR): Analyses were carried out 
employing the Folin-Ciocalteu methodology and DPPH, respectively [4]. Results were 
expressed as mg gallic acid equivalents (GAE) per 100 g dry weight and mM trolox 
equivalents (TRE) per g dry weight. 
Total flavonoids: A published methodology was used [5], with modification [6]. Total 
flavonoid content was expressed as mg quercetin equivalents (CTE) per 100 g dry weight. 
Reducing power (PR): The dipyridyl method was used [7]. Reducing power (PR) was 
expressed as ascorbic acid equivalents (mM AAE). 
HPLC analyses: The equipment utilised was an HP 1090, series II liquid 
chromatograph, coupled with an HP 1100 diode array detector and controlled by 
Agilent ChemStation software. The column was a LiChrosphere RP18, 5 µm, 250 × 4 
mm (Merck), protected by a guard volume packed with the same material. Both 
columns were maintained at 40oC. Eluent (A) and eluent (B) were 0.1% aqueous 
trifluoroacetic acid and MeCN/water (6/4, v/v), containing 0.1% TFA, respectively.  
Outer dry layers
Apical trimmings
LC-MS analyses: A Finnigan MAT Spectra System P4000 pump was used 
coupled with a UV6000LP diode array detector and a Finnigan AQA mass 
spectrometer. Analyses were carried out on a Superspher RP-18, 125 × 2 mm, 4 µm, 
column (Macherey-Nagel, Germany), protected by a guard column packed with the 
same material, and maintained at 40ºC. Analyses were carried out employing 
electrospray ionisation (ESI) at the positive ion mode, with acquisition set at 12 and 
70 eV, capillary voltage 4 kV, source voltage 45 V, detector voltage 650 V and probe 
temperature 400 °C.  
Statistics: All determinations were carried out at least in triplicate and values 
were averaged and given along the standard deviation (± S. D.). Correlations were 
established using regression analysis at a 95, 99, and 99.9% significance level. 
Differences among polyphenol indices and antiradical activity values were calculated 
using one-sample T-test at 95, 99, and 99.9% significance level. For all statistics, 
SPSS™ 10 was used. 
 
 
Figure 2: Overview of the procedures carried out for obtaining extracts with optimal antioxidant properties from 
red grape pomace, employing water/ethanol mixtures. 
 
 
 
RESULTS AND DISCUSSION 
 
Grape pomace: The concept underlying the monitoring of the procedure by estimating 
the antiradical activity was based on the fact that the potential of a complex matrix, such as a 
red grape pomace extract, in expressing antioxidant effects is not simply attributed to the 
totality of polyphenols [8,9]. The examination of the ethanol concentration showed that 
solutions composed of 50 to 60% ethanol are very efficient for polyphenol recovery from red 
grape skins, which is in accordance with the outcome on other plant tissues [3,10]. 
Anthocyanin recovery, however, was higher when 90% ethanol was used. The major 
anthocyanins detected in such an extract were malvin and its corresponding p-coumarate 
derivative, identified on the basis of LC-MS data. None of the acids employed, including HCl, 
acetic acid, and tartaric acid did contribute to obtaining enriched extracts, but instead a 
decrease in polyphenol recovery with a concomitant drop in antiradical activity was found. 
On the other hand, the addition of relatively low amounts (0.01%) of SO2 in 60% ethanolic 
solutions had a positive impact, in that it gave extracts with significantly increased AAR (P < 
0.001), but the amount of pigments recovered did not differ substantially (P > 0.05) (Fig. 3). 
It should be emphasised that deploying the solvents that were shown to be suitable for 
preparing highly potent extracts may consist a compromise with regard to anthocyanin 
extraction and vice versa.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: Effect of ethanol content, acidifying agent (0.1% HCl, 1% acetic acid and 1% tartaric acid) 
and SO2 concentration on the antiradical activity (AAR) of extracts from the red grape pomace. Values 
are expressed as trolox equivalents (TRE) per g of dry weight. Marks *, **, and *** denote statistical 
difference at a 99.9, 99 and 95% significance level. 
 
Onion solid waste: Extracts from the outer dry layers and apical trimming of onions 
bulbs were shown to contain the major flavonols: quercetin 3,4′-diglucoside, quercetin 4′-
glucoside and quercetin (Fig. 4). The structure of these metabolites was confirmed by LC-
MS. A general outlook for the procedures regarding optimisation of the extraction for 
obtaining extracts with improved reducing power is given in Fig. 5. The first step was the 
examination of all combinations of 30, 60 and 90% EtOH, containing either 0.1% HCl or 1% 
citric or acetic acid. A solvent system consisted of 60% EtOH/0.1% HCl was proven ideal for 
extracts with high total flavonol concentration and reducing power. Optimisation of time and 
temperature employing this solvent suggested that active extracts can be obtained after 6 h 
extraction at 40 °C. 
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Figure 4: Flavonol profile of onion solid waste extract. 
 
CONCLUSIONS 
 
As a future prospect, it can be supported that the utilization of ethanol, a bio-solvent that is relatively 
cheap, reusable and non-toxic, could be an environmentally friendly manner for low-cost, low-tech 
preparation of potentially bioactive extracts from vinification and presumably other agri-food by-products. 
The last option is contingent on the quality and characteristics of the food processing residual. To the extent 
similar procedures can be developed on an industrial scale, benefits for industry and environment could be 
maximized. 
 
 
 
 
 
 
 
  
 
 
 
Figure 5: Overview of the procedures carried out for obtaining extracts with optimal 
antioxidant properties from onion solid wastes employing water/ethanol mixtures. 
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